The point of departure for the following study is Patel and Daniele (2003) , who suggested that the rhythm of a culture's language is reflected in its instrumental music. The former study used the normalised pairwise variability index (henceforth nPVI), a measure of temporal patterning in speech, to compare the variability of vocalic duration in recorded speech samples with the variability of note duration in music notation on the example of English and French speech and classical music. The aim of this experiment is to test whether the linguistic rhythm conventionalised in the language of a community affects the rhythm in the musical practice of that community, by focusing on English and Polish speech and classical, as well as folk music. The nPVI values were obtained from a set of English and Polish recorded news-like sentences, and from musical notation of English and Polish classical and folk musical themes. The results suggest that reflections of Polish speech rhythm may be more apparent in folk music than in classical music, though more data are needed to test this idea. This initial study suggests that the method used might bring more fruitful results when comparing speech rhythm with less formalized and more traditional musical themes.
Introduction

Language and music
Although the relationship between language and music has been widely studied by linguists and musicologists alike (e.g. Wenk 1987; Mithen 2005; Patel 2008) , there is still a scarcity of quantitative studies that would examine the extent of the relationship between those two domains. Indeed, the transfer between linguistics and musicology is not a novelty: linguists have often borrowed musicological concepts in prosodic theories (Liberman 1975) , while musicologists have used tools from linguistic works (Lerdahl and Jackendoff 1983) . However, there are few interdisciplinary studies that examine the exact scope of the parallelism between language and music.
There are a number of reasons for approaching the topic of language and music. According to Nettl (2000) , both appear in every society, regardless of the presence or absence of other forms of culture, such as writing, painting or sculpture. Applying an evolutionary perspective to this debate, many scholars, (e.g. Wallin et al. 2000; Mithen 2005) argue that human minds are shaped for music by natural selection, as originally proposed by Darwin (1871) . Mithen (2005) points out that there might have existed a "proto-music-language" among Neanderthals, suggesting the co-evolution of language and music. Finally, according to Patel (2008: 4) , both prosodic and musical processes share resources at specific neural levels, including forming learned sound categories, deriving regular patterns from rhythmic sequences and combining elements into syntactic structures. Therefore, there is a firm basis for studying the relation between language and music. However, it is still difficult to ascertain which subfield in particular (e.g. rhythm, melody, syntax) will prove the most vital in this debate.
Linguistic and musical rhythm
When studying rhythm in language and music, it is crucial to point out that there is still no universally accepted definition of rhythm. For the purpose of this paper, we will recall two key definitions. The first, proposed by Dellwo (2006) , defines rhythm as a "systematic organisation of prominent and less prominent speech units in time", where by "speech units" we mean syllables or vocalic intervals, while by "prominence" we mean higher duration, intensity or frequency. The second definition, suggested by Patel (2008: 96) , describes rhythm as "the systematic patterning of sound in terms of timing, accent, and grouping". While the former definition, dealing only with speech units, is more specific, the latter is more neutral and can be used for analysing both linguistic and musical rhythm.
Another reason for studying rhythm across these two domains is the question of whether musical rhythm is an offshoot of linguistic rhythm (Patel 2006: 99) . This hypothesis is based on the fact that both speech and music patterns feature rich rhythmic organization, share similar group boundary markings (e.g. pitch, duration) and use similar brain substrates for speech and music perception. However, Patel also points out that beat perception and synchronization are specific to musical rhythm and do not apply to linguistic rhythm. Therefore, not all musical rhythm is an offshoot of linguistic rhythm.
Although some studies point out the connection between linguistic and musical rhythm (e.g. Selkirk 1984; Handel 1989) , there is still a scarcity of empirical tools for analysing the degree of this relationship. One hypothesis that requires empirical evidence is a claim held by a number of linguists and musicologists (e.g. Abraham 1974; Wenk 1987 ) that the prosody of a composer's language can influence his or her instrumental music. This argument was the point of departure for Patel and Daniele (2003) , where by applying the nPVI measurements and comparing the variability of vocalic durations in recorded speech with note durations in music notation, they conclude that the different linguistic rhythms of English and French are mirrored in the music of English and French classical composers of the 19th century.
This method was also applied in a relatively recent work by McGowan and Levitt (2011) , who argue that rhythmic characteristics of speech and music can be also correlated on a dialectal level. The similarities found in their study between recordings of unscored musical themes and spontaneous speech of musicians from specific regions (the Shetland Islands, Scotland; County Donegal, Ireland; and the state of Kentucky) who performed them, add to the body of empirical work initiated by Patel and Daniele, suggesting that the relationship between linguistic and musical rhythm can be made evident not only through cross-linguistic but also through cross-dialectal comparisons.
The nPVI
The nPVI was originally developed to analyse rhythmic differences between stress-timed and syllable-timed languages. This classification was introduced in Pike (1945) and investigated further in Abercrombie (1967) , where stress-timing defines languages having patterns of equal duration between stressed syllables (primarily Germanic languages, e.g. English, German, Dutch), while syllabletiming describes languages having syllables of equal duration (primarily Romance languages, e.g. French, Italian, Spanish). This classification is disputed in Dauer (1983) , who argues that stress-timing or syllable-timing is not an absolute, but rather a gradient feature, allowing languages to be described as more or less stress-based. Moreover, Dauer claims that rhythmic diversity results from a combination of phonological, phonetic, lexical and syntactic features, where syllable structure, vowel reduction and word stress are of prime importance. Fi-nally, Nespor (1990) concludes that neither a dichotomous nor a continuous classification system can adequately account for the rhythmic properties of rhythmically intermediate languages, i.e. languages which exhibit both stresstimed and syllable-timed properties. One such example is Polish, a language with complex syllable structure but no phonological vowel reduction (Patel 2008: 124) . Therefore, it is especially interesting how Polish speech and music will score in relation to English, applying the methodology proposed by Patel and Daniele.
Rather than focusing on the stress-time and syllable-time debate, a much more important matter is the fact that there are measurable differences between languages and one can find acoustic correlates of language rhythm in the speech signal. Roach (1982) claims that languages labelled as stress-timed allow complex consonant clusters, leading to higher variation of consonant clusters, and vowel reduction, leading to higher variation of vocalic intervals. The result of this observation is the nPVI by Grabe and Low (2002) : a measure of temporal patterning in speech used for comparing stress-timed and syllable-timed languages by calculating the degree of durational contrast between successive elements in a sequence. In Figure 1 , m is the number of vocalic intervals present in an utterance, while dk is the duration of the kth interval. When measuring the nPVI for a given utterance, larger contrasts between neighbouring durations result in higher nPVI values. According to the study by Ramus (2002) , languages often labelled 'stress-timed' receive higher nPVI results due to high variation of consonant clusters and vowel reduction, while languages often labelled 'syllable-timed' obtain lower nPVI values due to the absence of such features and a relatively stable duration of neighbouring syllables. In Figure 2 , the results of this analysis show that stress-timed English and Dutch are contrasted with syllable-timed Spanish, Catalan, Italian or French. Polish is a particularly interesting case, as it
shares features of both stress-timed and syllable-timed languages: it has a relatively high intervocalic rPVI (raw Pairwise Variability Index, not rate normalised) due to a complex syllable structure, and the lowest vocalic nPVI score from all of the languages studied, primarily due to no phonological vowel reduction. In their study, Patel and Daniele (2003: 37) argue that the nPVI can be successfully used for measuring musical themes as well, since it is a relative measure of variability, i.e. "the durational difference between each pair of intervals is measured relative to the average length of the pair", and musical tones represented by notes, just like vowels in speech, are core units in a rhythmic pattern. They compared a set of recorded English and French news-like sentences with musical themes taken from instrumental pieces of classical 19th-century composers.
The results presented in Figure 3 show that the average differences between languages are paralleled by musical differences. Indeed, Patel and Daniele broke new ground in interdisciplinary research, which needs to be further inspected across other languages and musical genres. 
The study
Introduction
Although the study by Patel and Daniele (2003) provides an original, interdisciplinary approach to studying the relationship between linguistic and musical rhythm, it raises more questions than it provides answers: Will this method produce the expected results for other languages? Is it possible to investigate other musical genres? The aim of this study is to verify the method in question by introducing modifications in the choice of linguistic and musical samples.
First, the languages selected for comparison are English and Polish, where the former is considered as an prototypical stress-timed language, while the latter is an example of a mixed-type language, which is difficult to assess according to the traditional rhythmic classification. Indeed, while French, a typical syllable-timed language, served as a good counterexample in the study by Patel and Daniele, the choice of a rhythmically intermediate language can bring unexpected results. However, if extrapolating from the study by Ramus (2002) , where English had the highest nPVI result, while Polish, on the other hand, had the lowest, it might be assumed that the observed difference between English and Polish should be reflected in a similarly great difference between English and Polish music.
Secondly, it is difficult to say whether the method proposed by Patel and Daniele is applicable to all musical forms. In the original study, the authors investigated solely classical music from the 19th c., defined by musicologists as the period of musical nationalism, when the composers attempted to reflect the language and culture of their nations in their works. Consequently, the choice of that particular form of music might be the main reason for obtaining the expected results. Therefore, apart from classical instrumental themes, the author of this study decided also to study a selection of folk melodies. While classical music is a formally taught musical genre governed by strict rules and often analysed through formal theories (e.g. Lerdahl and Jackendoff, 1983) , folk music is by definition traditional and performed in most cases by musicians without any formal training. Therefore, it might be assumed that the relationship between linguistic and musical rhythm should be more evident when comparing speech with folk music, a more natural form of expression, not restricted by formal teaching or theoretical formulas. The study will hopefully shed more light on the language-music subject and examine the versatility and reliability of the method developed by Patel and Daniele for future interdisciplinary studies. Most importantly, however, the study will test whether the linguistic rhythm conventionalised in the language of a community affects the rhythm in the classical and folk musical practice of that community.
Data
The speech corpus consisted of 20 English and Polish sentences recorded at the Centre for Speech and Language Processing at the Faculty of English, Adam Mickiewicz University. The speakers were one Polish (Szczecin, Zachodniopo-morskie) and one English (Leeds, West Yorkshire) adult male native speaker, both of whom work as academic instructors. The sentences comprised of short, news-like utterances read in a neutral tone of voice. The English sentences were taken from Nazzi et al. (1998) , which were also used in Patel and Daniele (2003) , while the Polish sentences were prepared by the author of this study to resemble the English sentences in terms of length and number of vowels.
The speech corpus was analysed in Praat (Boersma and Weenink 2013) and vowel measurements were taken by following the suggestions outlined in Thomas (2011: 138-45) . The nPVI measurements were taken using an online nPVI calculator provided by the Neuroscience Institute, California (http://www.nsi.edu/~ani/npvi_calculator.html/). Table 1 presents example sentences from the English and Polish corpora used in the study. A complete list of recorded sentences is included at the end of this paper. The music corpus was divided into two categories: the classical music corpus comprised of a selection of 19th-century English and Polish instrumental themes, while the folk music corpus comprised of a set of traditional English and Polish folk songs. The selection of English and Polish classical composers was based on the classification of their works by musicologists as examples of musical nationalism, a 19th-century musical movement considered to reflect the language and culture of a nation (Grout and Palisca 2000) . The English folk music corpus was based on Child Ballads, a collection of English traditional songs accumulated by Francis James Child during the second half of the 19th century.
A collection of folk songs by Luboff and Stracke (1969) served as an additional reference for music notation. The Polish folk music corpus was based entirely on Pieśni Ludu Polskiego, compiled by Oskar Kolberg in 1857.
The selected classical themes were predominantly main melodic themes that occur chiefly at the beginning of the compositions, while folk themes were predominantly main melodies played in the chorus of each song. One main theme of a length of usually four bars was taken from each composition. The nPVI results were obtained directly from music notation. Figures 4 and 5 present example musical themes with nPVI calculations. The music scores were edited using noteflight (http://www.noteflight.com/). Following Patel and Daniele, durations were assigned to the notes according to the time signature of each musical piece. The basic beat was given a duration of 1, while the durations of the following notes were calculated as multiples or fractions of that note depending on their length according to standard music notation conventions. To illustrate, a quarter note in 4/4 was given a duration of 1, a half note a duration of 2, an eighth note a duration of 1/2, etc. The obtained durations were used to calculate the nPVI for each musical theme using the same nPVI calculator as for the speech segment. A total of 20 classical and 20 folk musical themes were analysed for both Polish and English.
The reason for relying on music notation rather than live performances was similar to the one given by Patel and Daniele, as it would be difficult to determine which recordings should be regarded as the closest to the composer's intention. Therefore, music notation can be regarded as "an unambiguous record of the composer's choice of relative note durations " (2003: 40) . A complete list of composers and musical themes is included at the end of this article. Table 2 presents a summary of all the data used in the study. Figure 6 . nPVI values for English and Polish speech, classical music themes and folk music themes. Figure 6 presents the results of the linguistic and musical nPVI measurements for English and Polish. Firstly, the mean values for English and Polish speech are different, with English speech having a greater value (mean nPVI = 66.1) than Polish (33.8). These results are similar to the ones found in Ramus (2002) , where the former language has the highest nPVI score, while the latter has the lowest out of all eight languages measured. Surprisingly, English and Polish classical music do not share the same tendency, on the contrary, the mean nPVI for English themes is slightly lower than for the Polish ones (46.1 vs. 51.0). However, the score for Polish classical themes is very close to the nPVI data in Appendix 2 in Patel (2008: 178) , which lists the nPVI of Polish classical musical themes as 50.2, based on 60 themes from The Dictionary of Musical Themes. Finally, the results for folk music are in agreement with Patel's theory: the nPVI for English folk music themes are higher than for Polish (46.1 vs. 29.1).
Results
The nPVI for English speech ranged from 55 to 80, while for Polish it ranged from 18 to 41. In classical music, nPVI for English themes ranged from 35 to 58, while for Polish it ranged from 33 to 68. Although the most arguable choice might be Fryderyk Chopin, a Polish composer who spent most of his adult life in France, the nPVI results for his musical themes alone were not different from the mean value (from 42 to 53). Finally, the nPVI for English folk music themes ranged from 22 to 66, while for Polish it ranged from 15 to 46.
Although the results present an intriguing relationship between speech and music, the relatively small sample cannot be recognised as sufficient enough to form any firm conclusions. However, the primary aim of the study was to acknowledge the importance of implementing other musical genres to the ongoing debate of the use of the nPVI in the study of linguistic and musical rhythm. The results show that the nPVI can be quite different for classical and folk music, not only having different values but also altered tendencies. While the classical music scores are different from the study by Patel and Daniele, the results for folk music suggest that the incorporation of less formal and more traditional musical genres yields a new insight into the language-music discussion.
Conclusions
The aim of the experiment was to test whether the linguistic rhythm conventionalised in the language of a community affects the rhythm in the musical practice of that community on the example of English and Polish speech and classical, as well as folk music. The hypothesis, based on the study by Patel and Daniele, was neither clearly falsified, nor clearly confirmed. While the relationship between speech rhythm and classical music rhythm was not corroborated, the link between speech and folk music seems more apparent. The study, however, did not investigate the relationship between linguistic and musical rhythm per se, but specifically if the linguistic rhythmic conventions have a bearing on musical practice. Therefore, the results of the study might suggest that there is greater interference between speech and traditional folk music rather than between speech and formalised classical works.
Indeed, finding a perfect empirical tool for studying rhythm in language and music can be a perplexing task. To begin with, there is still a lack of one generally accepted quantitative method for measuring rhythmic phenomena. Although the nPVI is a relatively popular tool for such studies, the issues with standard definitions of speech rate, as originally pointed out by Ramus (2002) , are still valid. It is not clear whether syllables, phonemes, feet or vocalic intervals should be considered as the ultimate units for rhythmic measurements. Likewise, measuring musical rhythm can be equally demanding: selecting themes that will have similar duration, tempo and the higher level rhythmic structure needs to be addressed in future studies. Moreover, choosing one unit for all languages or musical genres can be considered as a problematic case, as normalisation can lead to omitting cross-linguistic differences in rhythm. Hence, it is crucial to take into account a wider range of speakers and musical pieces, obtain the nPVI results for different units and assess the speech rate and tempo of the analysed corpora.
Although the study by Patel and Daniele is an original approach for comparing linguistic and musical rhythm, it still requires improvements in order to obtain more clearly interpretable results. London and Jones (2010: 379) argue that "musical rhythm is highly hierarchic in nature" and suggest to inspect the nPVI on higher levels of rhythmic structure, assess the metrical types and determine the relationship between surface and higher-level nPVI. They conclude that the results can be more complex and may require larger corpora, including a broad range of musical genres.
This experiment confirmed that studying linguistic and musical rhythm is indeed a complex phenomenon that cannot be easily categorised. Although the nPVI results for speech samples are comparable to previous research, the results for classical and folk music are more problematic. Although Patel and Daniele provided rules for choosing musical themes for their analysis, the choices are still relatively arbitrary, having little or no regard to higher level rhythmic struc-tures, tempo or length of the selected pieces. One possible solution to this problem could be a preparation of the database with speech samples and musical themes of equal number of vowels/notes, speech rate/tempo and duration. Secondly, the use of recordings of live performances over music notation might bring more natural results, not restricted by the absolute values of musical notes. Finally, a cross-dialectal analysis might be more accurate for a general crosslinguistic study, as folk music themes can differ significantly depending on the region of their origin, while classical composers can be similarly influenced by regional accents and music.
To conclude, this preliminary study confirms the need to investigate the phenomenon of rhythm in language and music, suggesting that linguistic rhythm can indeed influence musical rhythm, as it can be observed across different languages and various musical genres. However, since this study was a reproduction of the original research by Patel and Daniele, it also repeated its imperfections, which become more apparent. Hopefully, the results and the methodological suggestions that followed will be applied in future studies in order to further examine the influence of linguistic rhythm on musical practice and test other languages and musical genres.
